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The fauna of the intertidal mud/llats of ghe Port River estuary has been monitored between 1572 and
085, Av it consequence of the increase invalome and temperatore of warm water discharge from the Turrens
I tand Power Stafion, changes have occurted ja the inter sl conpmumities. Near the warm watee dischange
popations of severak bivalve molluse and worm «pecies have been reduced or climinated and previously

rare or absent worm speeics have beeome abundiant.

Changes in onbers and vanery of species have beon revorded throughout Angas falet snd these changes
hive encroachud some way into the adjoimng scuthern reaches of Barker Inlet and the eastern end of North

Arm.

Introduction

Various intertidal and shallow litioral environ-
menls cir be recognised in the South Australian
Gulfs. These are based on coastal topography and
associated vartations in encrpy of the wave-action
(Woniersley & Thomas 1976), One environment,
typical of the low wave energy regions of the Gulf
St Vincent, north of Port Adelaide, is the exiensive
muddy intertidal flats backed by wangrove wood-
land and samphire,

Studies have been made on the subtidal fauna of
such coastlines in upper Spencer Gulf (Shepherd
1983; Ward & Young 1982, 1983), however eacept
for listings of conspicuous species (Womersley &
Edmonds 1958; Butler of o' Butlet et al. 1977)
no detaited information has been available-on the
founa of the muddy intertidal shores of Gull St
Vineent,

A number of averseas reviews have docuinented
the effects of warm warter discharges from power
stations on sublittoral benthic fauna (Coutant &
Talmage 1975, Talmage & Coutant 1980; Craven gf
al. 1983; Langlord 1983). Effects vary from sife (o
site as a fuuction OF the climalic, hydrological and
biological features of the sites (Crema & Paghiai
1980). Generally preatest effects on subsidal fauna
are observed very near the oulfalls and particularly
during the hottest times of the year (Langlord 1983),
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The effects include o significant teduclion in
numbers ol species within the influence of the warm
wiler plume (Warinner & Brehumer 1966; Thorhaug
er al. 1978) with, in some cases, the esiablishment
of dense populatons of a few thermally ralerant
species (Bamber & Spencer 1984). Thete is a lack
of sinnlar informiation on the influence of warm
water outfalls an inlertidal mudblat falina
(GESAMP 1984).

This paper describes a monitoring programne
conducted between 1972 and 1945 1o establish long
term patterns of {faunal distribution of the intertidal
mudfats of the Port River estuary. It describes
changes associated with changing water tempera-
tures resulling from the incremental development
of ihe caoling water (CW) system o} Torrens tslaiid
Power Suation.

Materials amd Methods

The study urea

The Port River cstuary is @ shellered waler
complex of mudflats, mangroves and samphire
marshes dissected by narrow channels with only a
siall and intermittent intlow of fresh water (Fig, 1).
Torrens [sland Power Station commenced operating
in 1967, 1t takes in cooling water from the channel
floor near the Port River, North Arm junction and
discharges wianm waler al the surface i\ Wwestern
Angas Inlei.

Average ambient sumimer {intake) temperature in
the ostuary is abaut 25°C (Reberison 1971;
Neverauskas & Butler 1982). By 1972 Jorrens Island
Powet Station, A Section, was dischiareing 1,92 107
ml/day of sea wawr at 6-7°C above intake
terwperature, Since then there have been inercases
in the volume of warm water discharged as a further
fotur B-Section units have became aperalional,
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Presenily B Seclion. thscharges an  additional
2.0.10° m¥/day of warmed warer 10 Angas Infet
at 9-10° C dbove ambient temperature,

Water teriperatire

A hall houtly record of intake temperatures at
the junction of the North Arm and the Port River
was maintained and a similar record was miade of
warmed elfluent water fromt the power slation
From 1979 a record of temperatures ac half hourly
intervaly was tnade with a thermistor suspended
from a buoy 30 ¢m below the surface in Angas. Inlet
(Flg. 1. A conlinuous récord wad also made of
shade wir temperawures at Torrens Island. Average
weekly 1emperatures were abstracied from these
records,

A series of temperature surveys was carried out
during hot summer weather in March 1972,
Februaty 1979 and fanuary 1982 to define
distribution of warmed water through the estuary
far both dodge (Bye 1976) and spring tides. Each
survey involved from three 1o five circumnavigations
of ‘Torrens lsland with surface temperatures
recorded a1 2R statious spaced throughoul the
estuary. By recording several times a day at each
location it was possible 10 graph the results with
time and tide (o obtain a represenlation of simul-
1apeous temperatires throughout the estuary,

On 4411984 a digital image of the dislribulion
of the warm surfuce water from the Torrens lsland
Power Station was obtained at .00 a,m. on a fulling
tide, ‘Lhe lovage was produced by Hunting scanning
equipment operated Itonm a Lear Jet al an altilude
of 3 km.

Intertidal jania

Sampling methods were based on those of Zed®,
50 that data comparable to this first study of the
intertidal faunia in this region could be obtained.

This involved sampling on a serics of transects
established on the main branches ol the estuary at
varying distances from the warm waler discharge
of the power sjation 1n 1972 (Zed?) and 1977 Tive
transects were examined. Subsequently five further
transcets were cstablished (Fig. 1), Each rranscct
extended acvoss the intertidal msudflat from 10 m
scaward of the mangrove fringe to the low water
mark (LWM). On each transect stations were
established at 10 m intervals numbered from the
mangrove (ringe (eg. for transcet 1, stations LI, 1.2,
13 +i. ele). Number ol stalions per transeci
depended on the width of the imertidal mudat at

I Z2ed, P A, (1972) The Cffect of Warm V\ater from the
Iy rens bsland Power Station on the Masine Fauna of
Angas fulel. B.5¢. (Huns) Thesix, Zoolopy Department.
University of Adelaide. {Unpublished).

low hide, ranging fiom 4 on transects 3 and 7w 9
on transect 8.

At eaih stayion, on each sampling aceasion, (aur
samiples of surface area 0.03 mZ, depth 10 ¢m, were
collecied on a line perpendicular 1o the Iransect
These sammples were combinzd. All amamals retamned
an 1 mm miesh sieves were counted and soriet), For
all but the figst lwo suiveys (1472 and 1977) all
sprecimens were preserved, polychaeies in 10%
formalin and other auimals in glyceioliwarter:
ethanol (3:2570 v/v).

For each survey, using averaged station data, the
Bray-Curtis measure was used to produce i
similarity matrix for the transect faunas, aficr root-
root fransformation of the dara (Swariz 1978; Vield
el gl. 19%82).

Sediments

In March 1982 sediment samiples were collected
in the same manner as the intertidal Fauna samples
from a total of 49 seations for all transects (Fig._ 1)
and passed through a scries of cahbrated sieves 1o
determine weights, expressed as a pereeitage of (otal
sample weight o various sediment grades, The
sediment grades corresponded to Wentworth size
classes (Folk 1968) with the modification.that the
largest grade discriminated was  coarse sand
(including all material codrser than 1.25¢) and e
{inest sedinmen! grade discriminated was sill (3.75¢).

Graphic Means (Mz, talk 1968) weve determined
for the samples. The Bray-Curtis dissimilarity
measure (Swartz 1978; Field ef al 1982) was used
to classily the samples into groups acconding {o
similarities based on the percentage contribution
particular sedimeni grades make to the total weigh
of the various samples {Miedecke & Stephienson
1977).

Results

Temperature

Temperature records for sumimer s¢asons or
1972, 1977, 1983 and 1985 are piven on Fip, 2.

Allowing far differences in weathier belweert yeirs
(air temperature, Fig. 2) similar yanges of summer
ambienl waicr lemperatures have been observed for
the years 1972, 1977-83 and 1985, Torrens [sland
B Section discharges waler at a higher temperature
than A Section, therefore peak suniuner discharpe
temperatures sinee 1978 are higher than those of
1972 and 1977 when only /A Section was discharging
(Fig. 2).

Temperatures recorded ap the Angas Inler buoy
since 1979 tend (o foltow discharge tenipueriiures,
being about 2-4°C lower, due to miving with cooler
tidal wiier. Very niear Lhe discharge (o Angas Infel
the maximum remperature increase above ambici
water emperatute is determined by a number ol
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factors such as load on the power station units and ~ wider area (Fig. 3). Further, during dodge tides
local meteorological conditions (wind speed and  when there is little tidal dilution of the discharge
direction). With progressive increase in the volume  water, warm water tends to bank up through Angas
ol warm water discharged to Angas Inlet, above-  Inlet. Temperatures of up to 40°C have been
ambient water temperatures are measured over a  recorded in Angas Inlet with the power station
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discharging from all units in hot weather on days
of little tidal movement (Fig. 2 insety. The digital
image of the warm surface water distribution in
February 1984 (Fig. 4) shows the major influenice
of the discharge extending throughout Angas Inlet
10 southern Barker Inlet and easterm North Arm,
"There §s sorne recirculation of warmied surtiice wate
around Garden [sland to the Port River and also
incursion to the southern region of Barker Inlet (see
alio Fig. 3, 1982 spring tide). This influence is not
observed at the deeper power station intakes,

Intertidal_fotuna

Actotal of 120 species were recorded. Polychactes
were the most namerous (40 species), including
severth new records for southern Australia, followed
by crustaceans (37), gastropod molluscs (19), bivalve
molluscs (13), and. 11 species [rom vagious other taxa
(Appendix 1),

Fig, 5 shows the dendrograms of classification
ol transects by faunal homogeneity for 1972, 1977
and the summer surveys ol 1981, 1982, 1983 and
1985, Species characteristic of the identified proups

Fig. 4, ‘Thermal hnape 1) surface water distribution on
& (alling iide tn the Poy River estuary, February 1984
Wi 204 €, CWout 134 C. Angas Tnler 256 O),
‘Lhe pabe area in Angas tnlet, around Garden Island,
and sailing into North Arm shows the distritaision ol
the watm surface plume.

of faunas are shown in Tig, 5, with their percentage
conlribution 1o the total pepulation sampled on the
(ranseets of the group.

There have been some difficultics in praceeding
with the Bray-Curtis analysis. In retrospect the
decision io continue the sampling design adopted
by Zcd? caused same problems in analysing the
data, as numbers of stations were not cotisistent
between transects. However, as the faunal
homogeneity analysis depends on the “percent each
species contributes to the total number of
individuals collected”, rather than absolute numbers
(Swartz 1978), we contend that this approach fairly
describes the significant changes it faunal patterns
in the estuary. Consistent patterns within the long
term data support this contention, For the 1972 and
1977 surveys, identificitions of some polychaete
species were uncertain and, with the exception of
the cirratulid Cirriformia punctaia, wnd the Jage
tube dwelling species Chaetoplerus yvariopedatus
and Diopatra dentata, specimens. were listed as
“polychaete sp 17, "polychaeie sp 27, otc. Because
of the 1axonomic uncertainties and the absence ol
proserved specimens from these two surveys, these
unidentified polychaetes were lumped together for
the Bray-Curtis analysis. Relerence 1o the original
data {Zed?) and to sabsequent work, suggests
that transects most remote from the outfall
{transects 4 and 8) do not share the saime unidenti-
fied polychaetes as the transects closer to the outfall
(namely transects 1, 2 and 3). Grouping of transects
oiv the dendrograms based on lumped polychaetes
should therefore give a conservalive picture of
launal homogeneity relationships, with differences
between transects under, rather than over-
emphasised,

The 1972 dendrogram showed three maln groups
of 1ransects with respect to their faunal homo-
aeneity (Fig, 5). The fauna of transect [ directly
oppasite the thermal outfall was dominated by C
punciata which comprised 86% of all organisms
found on this iranseci {Fig. 5a). A few “her
polychaetes™ and low numbers of one species of
bivalve, Tellinua delioidalis were also found an this
transect. On transects further from the outfall 2
and 3} low numbers of C punctuta were found with
the community dominated by “other polychactes”,
7. delroidalis (25%5), and the wastropod Neassurius
hurchardi (Fig. Sa). Although transect | and
transects 2 and 3 share some species (namely C.
punctata and T, delioidalis) the difference in relative
vontributions which these species make to ihe
rommunnities ol each transect results in transect |
clearly separating from transects 2 and 3 on the
dendrogeam. No € punctaia were found in the
communities most remote from. the outfall
{transcets 4.and 8, Fig. 1), Although “other poly-
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the subjectively indentjfied groups of transects for each survey.

chaetes” contributed a small percentage to Lhe
communities of these (ransects, their faunas were
primarily distinguished by the large numerical
contribution of Xenastrobus inconstans (77%}) and
other bivalve molluscs (Fig. 5a).

In 1977, with an additional 1:10%® m‘/d of
warmed water discharging to Angas Inlet, faunas
of both transects 1 and 2 were characterised by the
very large nunibers of C. punctasa previously found
only on transect 1. These two transects therefore
formed a distinct group on the 1977 dendrogram.
(Fig. 5b). Low numbers of C. punctata were present
on transect 3 (where they had already been recorded
in 1972) but also on transect 4 (where they were not
recorded in 1972). These two transects (3 and 4)

formed the second, intermediate group on the
dendrogram, their faunas also being characterised
by the bivalve Tellina deltoidalis and other shared
polychactes (Fig. 5b). The faunas of transect 8 and
the new Lritnsect 6 were both distinguished by the
varied bivalve and polychaete species which had
characlerised transect 8 in 1972 (Fig. Sbh).

The summer of 1980-81 was the first full summer
with the addition of a further unit (0.5 < 10° m?/d)
discharging to Angas Inlet. From 98¢ all
polychactes were identified and numbers of every
species were considered in the Bray-Curtis analysis.
Faunas of transects 1 and 4 all grouped together
on the dendrogram (Fig. 5¢). A major contributor
to the grouping of transects 1 lo 4 was, again, C.
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punciata, comprising 63% of the total nidmber of
polychacetes found on this group ol Transects, Two
othus polychaete species, namely the acbiniid
Naineris grubel ousiralis antl the spionid
Pyeudopolydora sp. were identified in the Binnas
of this group, esch contnbuting about 20% 1a the
total number of polychacies. 11 i3 possible that these
1w spegies are the unidentified polychaetes found
in association with large € punciota numbers in
the previous surveys. Unexpectedly, another
contribuior 1o the grouping of the faunas of
transects 1 to 4 was the mud mussel Xenosirobus
ineonstans  which occurred in cach of these
transects, comprising §1% ol all vrganisms of this
group, This mussel had been dominant in North
Arni and Barket Inlet, bul had not been common
in Angas Inlet before 1980-81. All specimens were
juvenile and subsequent surveys revealed that the
species did not persist in the Inlet, A settlement ot
another mollus¢ the gastropod Selinwior Jragilis
also coniribuled to the faunal homogeneity of
transccrs L oto -4, and 1o rhe high molluse to
palychacte ratio found for these Angas Inlet
transeets io this survey compared ta all other surveys
reporied here In 1981 C. punctata was found for
the first tissie fn Large numbers on transcct 6. It was
also abundant on the new transect S in southern
Barder [nlel (Fig, 1), The faunas of these two
fransects formed the intermedigte group on 1he
dendrogram (Fig. Sc¢), also charmcterised by asecond
worm species, N, grubed gustealis, and @ bivalve
molluse, Irus crebrelamellats.

Faunas of transects 7 10 10, forming the third
group on the dendrogram, were again characlerised
by the varied bivalve moltusc populations. On this
group of transects vhe polychaete 10 molluse ratio
was low, The most abundant wotm, Aephivs
australiensls, comptised only 1% of the total
nunber of organisms (Fig Sc). Low ntmbers of
nther wortn species including Scoloplos cylindeifor
and Neanthes vaalii were also identitlied o the
faunas of this proup af transcets,

Following the J1981-82 sumtner, the first full
sunumer sith all four units of B Section operating
(Fig. 3), u Further change was noted 1t the Launat
distribution around thc estiary, Again the Gunas
of transects I1-4 grouped on the tendropram
{Fig. 5d}. Nowever the previously abundant
C. punctata had virtwally disappeared froin the
launas ol these transects and the spiontd Pseudn
polydony sp, which had been idemified in low
numbers in the 1981 survey, dominated the faunas
of this proup of transects, comprising 86% of all
organisms found (Fig. 548). € punciata vemained
the predominant organisin in the faunas of transecis
Sand 6, which again formed an intetmediate group
on the dendrogram (Fig, 5d). The group of Faunas

O trinsects 7 1o 10 continued to be characterised
by the hivalve aid worm species previously
identified from arcas more remote from the outfalls
{Fig. 5d).

Although the volumes and temperatates of-the
thermal discharge underwent fo further incicase
lollowing the 1982 surmmer, surveys were continued
1o determine whether the 1982 dendtogram
represented o stable biological state, The (983
dendrogram closely resembled that for the previous
survey with conlinued spionid dominance of the
Angay Inlet transecis, and transects 7, 9 and 10
having faunas with Jarge bividve populations and
numbers of those worms which had previously been
identified as characteristic of tegions. remote from
the outall {Fig. 5¢). The most notable chunge in
the dendrogram was the tendency for the fauna of
transect § to group more closely witl those of the
cirratulid dominated faunas of transcets 5 and &,
rather than with those of tiansects 7, Y and 10. This
was due 10 @ combination of factors including an
increasc in numbers of €. punctafa on transect 8,
antl i incrense in nombers of £ crebrelumeltutus
and X, fnconstans on teansects 5 und 6, Two yeurs
later, yn March 1985 the transect faunas demon.
strated vinually the sime homogencity relationship
(Fig, §). The dominant species In éach of the major
groups of transects remained the same (Fig. 30)
allhough on transects in Angas Inlet (1-4) some
worm spevies {Capitelfa capitata, Svills sracilis and
C punctata) wWere peesent in greater numbers than
in 1983,

For the samples Trow 1981 until 1985, when all
species were identified, it was possible 1o record total
species nhinber at each transcet. The mcan number
ol species per square mictre for 1he various groups
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Fig. 6. Relationship beiween nuinber of <pecies/m?® and
transect proup lor the surveys of 198185 and 1985, All
species. were identified i these surveys.
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of transects identified in the 1981-85 surveys is
shown in Fig. 6. While all groups of transects had
occasional or rare specics in addition to the corc
ol more common species (Fig, Sa-1), the 1otal
number of species in a given group of transects was
conyistently higher in groups mare remote from the
thermal outfall (Fig. 6).

Sediments

Of 49 sediment samples over half' (26} were
medinm sand (MZ, 1-2 ¢), 16 were fine sands (MZ,
2-3 o) and seven were coarse sands (MZ 0-1 o),
big. 7 gives the hicrarchical classification of the
sediments from all sites sampled,

Although in a {ew cases similarities were observed
between samples from the same transect {c.g.
samples 5.2, 5.3 and 5.4 were oll coarse sand, and
samples from 4.1, 4.2 and 4.5 were all {ine sand)
overall there was no obvious topographical
coherence in the clusters on Fig. 7, and no
cortelation between sediment and type of infauna.

Discussion

Although a number of overseas studies have
documented the effects of thermal discharge on
sublittoral benthic fauna, comparatively little
information is availablz on intertidal fauna. Barnen
(1971) investigated the effect of thermal discharge
tfrom Hunterston Power Stmion, Scotland, on
selecied intertidal sand animals, finding only subtle
changes in breeding seigson und growth rates of a
bivalve, Tellina tenuis, and an amphipod Urathoe
brevicornis, Barnett and suhsequent puthors
{Bamber & Spencer 1934) attibuted the small etfects
to the tact that the intertidal animals in cool

temperate regions are adapted to a greater natural
temperature range than that characteristic of the
thermal effluents. in these regions.

Few published Australian studies are available
with which to compare the present tesults. Powis
& Robinson (1980) examined the subtidal benthic
macrofaunal communitics in the Tuggerah Lakes.
The Munmorah Power Station discharges water to
this estuarine lake sysiem at up to 4°C above
ambient, These aunthors repott that the only
apparent influgnce ot the warmed water was an
increase: in numbers of the pastropod mollusce
Velacumantus australis, very near the outfall.

Rainer & Fitzhardinge {1981} examined both
interiidal and subtidal bent hic communities of Port
Hacking. While species distribution was limited by
fluctuations in dissolved oxygen levels there was
hitue evidence that natural short term temperature
extremes, over the shallow sand flats, influenced
species distnibution.

Saenger ef al {(1980) examined the macrobenthos
of the Calliope River and Auckland Creek,
Quecnsland, to obiain comprchensive prethermal
baseline data prior 10 the establishiment of the
Gladstone Power Station. To date published post
thermal information includes a localised study of
the macrobenthos of the discharge canal of this
power station, Saenger ef al (1982) suggest that the
major changes in the benthic fauna in this localised
region can be more closcly correlated with changes
in flow rates, and ultimately with resulting sediment
changes, than with temperature effects.

This study documeiits a pattern of changein the
distribution of intertidal mudflats in response to
changing environmenlal conditions. In 1972, near
the Torrens Island Power Station cooling waiter



Ing LN THOMAS ET L.

discharge to Angas Inlet, the [ntertidal commumiies
had o localisedd predominance of the citratulid
worm, Cirriformic punciata, and g comparative
paueity of bivalve molluses, Between 1972 and 1981
the distribution of € plin¢tatu extended throughout
Angas Inlel to the adjacent reaches of Barker Inlet
and Norh Arpn, while there was also 4 suppression
al bivalve mollusc species over the sanie range

Since the sumner of 1981-82. C.. puaciata has
been replaced as the predomitianm apecics in Anigas
lnlet by Pseudoptdydora sp, s spionid which
previously contributed oaly a small percentage lo
the population in this region. C punciaw
predominance has heen restrivied mainly to the
region ol pransects § and 6 in Barker Inlet and
Noril Ann (Fig, L)

The pattern of change closely cotresponds (o
changes observed i studjes of estuanine ecosystems
subjected to organic pollution, Gray (1976a) and
Paiker (1980) have noled declinesin populations ol
bivalve molluse species i the fauna of polluted
estuaries, Grassle & Grassle (1974) and Giay (1976b,
1980) identify various groups ol organisms which,
because of their lile history characteristics, respond
rapidly 1a environmental periurbalions and ¢olonise
disturbed regions, Spionid worms, Which presently
dominate the fauna of Angas Inlel are amangst the
most oppartunistic colomsing species. Other specics
presently Tound in Anpas Inlet, the syvllid and
capitellid worms, are also considered highly
opporf unistic (Grassle & Grasste 1974).

Prior 1o 1his study € punctata had only beei
recorded at Lizard Island, Old (I Huwchings 1980,
pers. comm.), Angas Inlet is @ bout harbour,
mooring yachis from around Australta. We have
recorded C punctate in the fouling fauna of solid
substrates i Angas balet, as well as in Lhe interfidal
zone. 1t is lherefore possible that this species wus
introduced to the warm waters of Angas Inlet in
the fouling fauna on the hull of a visitng yachr,
{Note thyt ynouther topical species, the Sycopho-
tnedusun Cassiopea ndrosia, previously known from
I4js, Now Caledonia and North Queenstand (Kramp
1961, 1965) has also been found In Angas Inlel
{Southcott 1982)). Litthe is knawn of the life history
of €. punciare dbul George (1964a, bj hips detaifed
the e history ol a relaled species, C. reracilutd,
wmdicating a wide temperature tolerance i i
breeding seasan, and the capability ol rapid,
massive population bursts. ‘These characteristcs,
alsa assutialed with the recognised oppottunistic
species ubove (Grassle & Grassle 1974), probably
enabled this tropical specics to colonise Angas Inle
when the nutural populations of intertidal fauna
were disturbed by the development of the: power
stutios. However, & plipctara has not persisted s
the dominant species in Angas Inlet since 1982, Tt

seems likely that the sestriclion of € punciara 10
areas just outside Angas lnlet where maximum
summer lemperatures are about 30°C (Fig, 3) is due
siniply lo Lhe remperature tolerance of this species,
as it has been recorded adjacent to 1he ouifall in
higher temperatures, The sudden and  drastic
reduetion in numbers of € pinciala in Lhe warmesi
regions of Angas Inler since March 1982 may be
explained rather by the competitive advantage of
the more highly opportunistic Pseadopolvdurasp.,
in a distorbed envicanment where hiological
interactions may be more exaggerated (Grassle &
Sanduers 19733,

Conctusion

The progressive invrease in thermal discharge
(rown Toreens [sland Power Stution over the petiod
1972-1985 has lead 10 recognisable changes in the
malurg, abundance, and distribution ol anrerridal
inverichrates in adjacent reaches of Port River
estuary. In particular bivalve mollusc and worm
species characteristic of undisturbed regions of |he
estuary, lrave declined in poputation in the wirmest
regions. of Angas Inlet, They have heen largely
feplaced by opportinishic worm species, initially the
tropical cirratulid Cirrifarmis puncraia, and more
recently the spionid Psendopolyderi sp. O piniclan
also predominales In southern Barker Inlet and
eastern North Arm where significant changes have
occurred in the thermal regime. The patiern of
changes recorded in the estuary closely resemble
chunges poted in overseas studies of disturbed
estuarine regians,

Acknowledgments

This work was lunded and supporied by The
Eleciricity Trust 4s part ol its ongaing programme
of environmental vesearch.

We thank Dr Michacl Geddes for reviewine the
tnanuscripl. We are grateful 1o those who identificd
organisms, cspecindly Dr B, Huichings (polychaetes)
und Mr W, Zeidler (amphipods). We are also
grateful to the Sourh Alstralian Musedm tor access
to their reference collections. and o numeraus
students of the Zootogy Departorent, University of
Adclaide who helped with sample collection ovet
the last decade. We acknowledge the South
Augtialian Cenire {for Remoro Sensiny Far the
praduciion and supply of Fig. 4.



THERMAL EFFECTS ON INTERTIDAL FAUNA 16Y

References

Hampr i, R, N & Seenceg, 3 F (1984) The benthos of
& coastal power station (hermiaf discharge canal. £ Mar.
Wiol, Assoc. UK, 64, 603-623,

Baunitr, B R. Q. 11971) Some changes in inierlidal sand
communities due ta thesmal polloton. Prac. R Sop
Lond. B VT7, 355364,

Buickr, Ao J, Derery, A M, McKnwe, 5 C &
Cuomas, D B, (1977) Distribuiion and sediments of
tnangrave forests in South Austialia. Trans. R. Soc: S.
Atk W), 35-34.

ByE. J. ALCTL (1976) Phvsical Oceanography of Gulf St
Vincent and layestigator Strail in C, R Twidale, M, )
Tyler & B P Webh (Eds) "Nawral History ol the
Adelaide Repion” (Royal Society ol South Ausiralia,
Adelaide).

Conaxr, €. € & Taivaat, S 50 (1975) Theems)
elfects. L Water BPoll, Conrraf Fed. -47(6), 16371711,

Cravin, § B, Hagroson, M, E. & TatMace, 805
{1983) Thermal ef(ects. Ihid, 85(6), 787-%00.

CRIMA, RO& PaGLIAL, A N B 11980) The structure of
henthic commonitics in-an srea of (henmal dischares
frond a coastal power station. Mar Pollter. Bull. 11,
221.224,

Uie b ) G C1ARK Ko R & Warwics, B AL (19823 A
prictical strateey for analvsing multispecics distribation
patterns. Mar. Ecol Prog. Ser. 8, 37-52.

Teiew, R. 1. {19A8) ‘Petrology ol Sedimentary Rocka’
{Hemphill, Tesask.

Giguan, I 1 (1964a) The life history of the cirrarulid
WO Cirriformia tedracufare on an intentidal mudiat,
2 May: Biol, Assoc, UK, 44, 47-05.

(1964b) On some environmenial factors atfecting
the distribution of Cirriformia temucuiara (Polychaeia)
ab Hamble 2hid. 43, 373-338.

GESAMP (1984) 10O/ FAQ/UNESCO/ WME/ WHO/
IAEA/UN/UNEP Joint Group of Experis on the
Scientitic Aspects of Marine Pollution, Thermal
Discharzes in the Marine Environment.. Repe Stid.
GESAMP, 24,

Cirasst iy LE & Sasoies, H. L. {1973) Life histories and
the 1ole ot disturbance. Decp-Sew Res, 20, 143659,

o & Geasae, 3o P (1974} Qppartunisiic difs
historics and genetic systems in marine benthic poly-
chagles, J Mar Kes. 322}, 263284,

Guay, LS. 41976a) The fauna of the polluted River Tees
Esuney. Estuary Ceasy. Mar Sri. 1, 203-223.

(1976h) Are marine bascline surveys worthwhile?

New Scientist April 1976, 219221,

{19801 Why do esnlogical monitoring? Mar Poli.
Aull. 11, 62-65.

Kuasr, T L. (1961) Synopsiv of the medusac ol the
wolld. L Afar Bin). Assac. LK. 40, 1.469.

{196S) Sorne niedisae (mainty Scyphomesdusac)
frorm Australian coastal waters. Trons, R, Sue 8. Aus!
8y, 297.278.

I anciory, Io k. (1983) "Electricity Generalion and the
Eeotory of Natural Waters” tLiverpool Univenity Pres,
London,

MiEpECKE, ) G, & Steeirsses, W {1977) Emvicon-
mental impact and baseline studics of he sofl bottom
marine environment in the vicimwy of ocean sewer
outfalls on the NSW central coust. Third Aust
Conference ou Coastal and Ocean Engincering,, 157-162.
{Institution of Engincers Ausiralia, Melbourne).

NEVERALSKAS, V. P & Brreik, A, L, (1982) Talerance of
blue crab, Portinus petagicus (L) 1o high tlemperature,
Trans, R. Soc. S. Aust. 106(d4), 215-216.

PaRKER, S G. (1980) Effects of poHwtion upon the
benthos of Bellast Lough, Afar. Poll, Bull, 11, B0-83.

Powis, B 1 & Ropuson, K. 1o M. {19815 Benihic
macrofaunal communities in the Tuggerah Lakes, New
South Wales. Aust, L Mar. Fréshw, Kes, 31, 803-815.

SAENGEK, P, Srrenensan, W, & Moyiris, 1 (1980} The
estuarne mactohenthos of the Calliope River and
Auckland Creek, Quevnsiand. Mem. Qld. Mus. 2041},

143161,

, y & (1982) Macrobenthos of the
cooling water discharge canal af the Gladstone Power
Station Queensland, Aust. J. Mar. Freshw. Res. 33,
[ELECAN

SyLPHLRD, S, AL {1983) Benthic commuitities ol upper
Spencer Guif, South Australia Trans. K. Sec, S.-Aust.
107(2), 69-85.

RageRTsON, B, 1 (1971) Meteomlogical Note Na. 49
(Bureau of Meteorology, Adelaide).

SoutHeorT, R, V, (1982} Jellylishes (Classes Seyphoroa
and Hydrozoa) Ia S, A. Shepherd & [ M. Thopsas (EJs)
“Maurine luvertebrates of Southern Ausiratia, Pari 17
(Goavernment Printer, South Australia).

Swakiz, R. C. (1978) Techniques for Sampling and
Amnalysing the Marine Macrobenthos. Eavironmenial
Protection Agency. ‘Carvallis Environmental Rescarch
Laboratory. Marine and Freshwater Feology Branch.
Marine Centre Newport EPA/600/02. )

Tarsmack, S0 5. & CouTant, €, C. (19303 Thermat
effeces. Jous. Water Poll. Ied, 52(6), 1575-1615.

THORKALG, A.. BLaxt, N, & Scuroenex, P B (1978)
The elfect of heated effluents fram power plants on
seagrass. { Thalassia) communities guaniilatively
vomparing estoatics in the subtropics 1o the fropics.
Mar: Pollur. Buil. 9, 1831187,

WaRl, I, L & Youna, P C.11982) Etfects of sediments,
trage rietals and particle size on communily strocture
and epibeniliic seagrass Faura near 4 kead sivelrer, South
Ausicalia. Mar, Ecol. Prog. Ser. 9, 137-144.

& ——  —(1983) The depauperation ol epilsuna
on Pinna bicolor near a Iead smelier, Spencer Gulf,
South Australia. £nviron. Poll. (Ser ) ), 293308,

WasiunER, 1. E. & BREHMER, M, L. (1966) The effects
of thertgal effluents on marine otganisms, Ajr & (4ot
Pol. Int. S W, 227239,

WomMEisLEY, T, B, S & Envionns, S, L (1958) A general
avcount of Lhe interiidal seology of South Australian
cousts, Ausi, J, Mar. fresinw, Res. N2), 217-260.

& Titevias, 1o M. (1976) Lntertigal Feology fn C.
R.. Twidale, M. ) Tyler & B 1% Webb (Eds) "Nalurd
History of the Adelaide Rearon®' (Royal Sotiety of Soutly
Australiz, Adglaider.




170

1. M. THOMAS ET AL.

APPENDIX 1
SPECIES LIST 1972-1985

+ recorded
Species:

Pre-
1981

1981

YEAR:

1982

1983

1985

POLYCHAETES

Naineris griubei australis Hartman
Scoloplos eylindrifer Ehlers
Leiroscoloplos bifurcatus (Hartman)
Scolaricia sp.

Nephyts australiensis (Fauchald)
Cirriformia punctata (Grube)
Lumbrineris sp. 1

Lumbrineris sp. 2

Eunice australis Quatrefages
Eunice antennata (Savigny)
Lysidice sp.

Marphysa sp.

Nematonereis sp.

Schistomeringos sp.

Diopatra dentata Kinberg
Neanthes vaalii Kinberg

Neanthes cricognatha (Ehlers)
Nereis cockburnensis Augener
Oflganereis edmondsi (Hartman)
Australonereis ehlersi (Augener)
Ceratonereis transversa Hutchings
Perinereis nuntia {(Grube)
Perinereis amblyondonta (Schmarda)
Nereidae

Barantolla lepte Hutchings
Capirella capitata (Fabricius)
Pseudopolydora sp.

Boccardia chilensis Blake & Kudenov
Syilis gracilis Grube

Mpyrianida sp.

Harmothoe praeclara (Haswell)
Glycera americana Leidy
Ophiodromus sp.

Abarenicota affinis clarki Wells
Amphareridae

Chaetopterus variopedatus (Reiner)
Armandia intermedia Fauvel
Sabellidac

Dorvillea sp.

Terebellinae

NEMERTEA

Nemertean spp.
PLATYHELMINTHES
Latacestus sp.

BIVALVES

Xenostrobus inconstans (Lamarck)
Tellina deltoidatis Lamarck

lrus crebrefameliatus (Tate)
Luternula recta (Reeve)

Katelysia scelaring (Lamarck)
Katelysia peronii Lamarck

Spisula trigonella (Lamarck)
Brachidontes erosus (Lamarck)
Ostrea angasi Sowerby

Anomia trigonopsis Hutton
Sanguinolaria biradiata (Wood)
Eumarcia fumigata (Sowerby)
Pinna bicolor Gmelin
GASTROPODS

Niotha pyrrhus (Menke)
Nassarius burchardi (Philippa)
Nassarius pauperata (Lamarck)

+ 4+ 4+ 4+

++ 4+

R B e

-+

+ - -

r o+

+ + + +

+

R e

+ ot ottt

R I S

+ o

+ + + + + + o+

+

+

o

T o

P

+ o+ o+ o+

R e S

-



THERMAL EFFECTS ON INTERTIDAL FAUNA 1n

YEAR:
Pre-
Species: 1981 1981 1982 1983 1985

Bedeva paivae {Crosse)
Salinator fragilis (Lamarck)
Salinator solidus (von Martens)
Batillaria estuarina (Tate)
Batillaria diemenensis (Qouy & Gaimard) +

Diala lauta A. Adams +

Diloma sp. +

Quibulla tenuissima Sowerby - +
Austroliotia densilineata (Tate) +
Opisthobranchia +

Monodonta consiricta Lamarck +
Clanculus sp.

Asteracmea sp.

Natica sp.

Nudibranchiata

CHITONS

Stenachiton longicymba Blainville

CRUSTACEANS

[SOPODS

Paridotea munda (Hale) +
Dynamenopsis sp.

Cercels sp. +
Eulidotea bakeri (Collinge) +

Cymodoce longicaudata (Baker) “
Zuzara venosa (Stebbing) +

Exosphaeroma sp. 1 + +
Exosphaeroma sp. 2 +

AMPHIPODS

Ericthonius pugnax (Dana) +

Maera mastersii (Haswell) +

FElasmospus bampa Barnard + - +

Amphipod sp. A -+
Cymadusa fitosa Barnard +

Cymadusa sp. +

Allorchestes compressa (Dana) + + +
DECAPODS

Crangon socialis (Heller) + + + +
Leander serenus {Heller) T+

Processa sp. +

Penaeus latisulcatus {Kishinonye) +

Philyra laevis (Bell)
Pilumnus fissifrons (Stimpson) + + + +
Halicarcinus rostratus (Haswell)
Phlyxia intermedia (Miers)
Heteropanope serratifrons (Kinahan)
Naxia aurita {(Latreille)

Helograpsus haswellianus (White legge) + +
Perafomera depressa (Baker)
Nectocarcinus sp. +

Ceratoplax punctata (Baker) +
Callianassa ceramica (Fulton & Grant) +

STOMATOPODS

Squilla laevis (Hess) +

TANAIDS

Apseudes australis (Haswell) +

Tanaidae + -+ + + +
MYSIDS

Paranchialana angusiata (Sars) +
CIRRIPEDS

Balanus amphitrite Darwin +
Eiminius modestus “

COPEPODS

Copepods +

+ + + “+
+ + + +

- - o+ 4
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Species:

YEAR:
Pre-
1981 1981 1982

1983

1985

CNIDARIANS

Anthothoe albocincta (Stuckey)
Epiactis sp.

PISCES

Nesogobius hinsbyi (McCulloch & Ogilby)
Ammotretis elongatus McCulloch
Gobius bifrenatus Kner
ECHINODERMS

Ophionereis sp.

Leptosynapta dolabrifera (Stimpson)
Cricophorus nutrix (Stuckey)
Ophiuroidea

+ 4+ o+ o+




